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EDWARD PALMER’S VISIT TO GUADALUPE ISLAND, 
MEXICO, IN 1875 


S. F. Brake! 


From the standpoint of the discovery of new forms of birds, one of the 
most important short expeditions in the history of North American orni- 
thology (in the sense of the American Ornithologists’ Union Checklist) 
was that made by Dr. Edward Palmer to Guadalupe Island off the coast 
of Baja California in the spring of 1875. In addition, his plant collections 
formed the first scientific botanical records known from the island and 
they give the best approximation of the vegetation there before intro- 
duced goats had done extensive damage. 

Palmer (1831?-1911), at the time a man of about 44, had already been 
active off and on for a score of years, beginning in 1853, making collec- 
tions in most branches of biology and ethnology in various parts of the 
United States, northern Mexico, and Paraguay, principally for the Smith- 
sonian Institution. Further details of Palmer’s life and work are discussed 
by McVaugh (1956) and in a paper read by Safford (1911) at the meet- 
ing of the Botanical Society of Washington on 10 January 1911 to cele- 
brate Dr. Palmer’s (supposed) 80th birthday, only a few months before 
his death. 

Among the archives of the New Crops Research Branch (formerly 
Division of the Plant Exploration and Introduction) of the Agricultural 
Research Service, United States Department of Agriculture, are fourteen 
envelopes of manuscript material relating to Palmer’s work from 1853 to 
1911, twelve envelopes containing field books and copied data covering 
the years 1902—1910, and an unpublished manuscript in twelve envelopes 
by the late William E. Safford (1859-1926), a former botanist in the 
Department, dealing especially with Palmer’s work as a plant collector. 
All of this material was drawn upon by Dr. McVaugh in writing the book 
on Palmer, but unfortunately space limitations prevented him from in- 
cluding many quotations. Two items relating to Palmer’s first collecting 
trip to Guadalupe Island have so much human interest in connection with 
this first scientific expedition to that island that they deserve to be put on 
permanent record. One is an eight page manuscript by Palmer; the other 
a letter from Robert Ridgway to Palmer. The manuscript tells of Palmer’s 
disagreeable experiences after his collections had been made, owing to 
shortness of food and the failure of the promised boat to come and take 


1 Eprror’s note: Dr. S. F. Blake passed away on December 31, 1959. His manu- 
script had been prepared in the form of a note; its posthumous publication in another 
form necessitated transferring parenthetical citations to “Literature Cited” and mak- 
ing other minor alterations in the introductory material. In addition, it seemed per- 
tinent to incorporate information about Harry Bye Stewart and the items from the 
San Diego Union, all of which were contributed by Dr. Reid Moran of the San Diego 
Natural History Museum. 
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them off. The eight pages, written on only one side and measuring 22.3 x 
14.5 cm., appear to have been copied from Palmer’s notes after his return 
to San Diego and not entered from day to day upon the island. Safford 
evidently planned to use the manuscript in his projected publication (he 
refers to it in his published biographical sketch) and had corrected in 
blue crayon Palmer’s frequently faulty spelling and grammar, but the 
journal is here printed in the original spelling, punctuation, and capital- 
ization, with the addition in brackets of a few words that are needed for 
clarity, and the indication by “(sic)” of the principal misspellings. 

Palmer sailed from San Diego on 30 January 1875 aboard the ‘San 
Diego” (San Diego Union, 30 January 1875) and may well have arrived 
at Guadalupe Island by the first of February. With him was his assistant 
for the trip, Harry Bye Stewart (1862-1922), the twelve year old son of 
Wm. W. Stewart, San Diego shipping agent. As related in the journal fol- 
lowing, they were not taken from the island until nearly four months had 
passed. Palmer’s second trip to Guadalupe Island in 1889 was briefer 
and less harrowing. 


Palmer’s journal follows. 


Guadalupe Island. Lower Cal. Dissapointment (sic). I miss the Alaska Expe- 
dition. 1875. As arrangements had been made to send over a schooner after me 
in 6 weeks and no boat came, I became anxious & I went daily to Pt. Lookout 
to watch for it. All provisions had given out but goat meat & coffee & beens 
(sic) that had been on the island for years. 

The young man [Safford’s note: Harry Stewart] who had accompanied me, 
bore up well until the bread gave out, when he said he wanted to go home. 
I was kept busy carrying collections on my back a foot (sic), to the beach in a 
cave. These journeys were very tiresome, & all but one load was stored when 
I became sick. 


April 30—it was [thought that] a schooner was [sighted] in the distance 
but, it was not,—a cruel dissapointment (sic) as I had expected to join a party 
for Alaska May 1st.—I had hurried my collections so as to [be] ready in/[p. 2] 
6 weeks & now to be kept back, together with physical weakness made me so 
sick that for some days [I] could with difficulty move about. 


May 11—with much difficulty reached the Point, but no schooner. Coffee all 
gone & nothing to eat but old beans & goat meat. I ate mustard leaves which 
toned up the stomach somewhat. 


May 14—all hands sick, including myself in bed for 3 days, with violent dis- 
order of the bowels—& the fleas nearly ate me up & the flies by day, nearly 
worried the life out of me. As I could no longer [go] to point disappointment, 
asked Mr. Sanford [Safford’s note: an old sailor, who was in charge of the 
island], to go. he was just able to be about. he said if Jack [the burro] came 
up he would go, so the yard gate was opened, for this faithful old /[p. 3] Jack 
was very fond of bones, they where [were] always thrown in a pile for him, 
he could crunch them lik [like] a dog, this Jackass had carried not only myself, 
but several others over the Island, was a great favorite, he being worthy of a 
title named him Saint John, which name he went by. but he soon came along 
and while devouring his bones, the saddle was put on, and to [i.e., the] journey 
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to the point made but no boat. May the 15th—the gate left open Saint John 
entered [and] while at the usual bone pile was saddled by Mr. Sanford, who 
rode to the look out, he returned and reported seeing an object like a boat 
approaching shore,/[p. 4] hopes revived, and the old name of the point restored, 
he went to the landing riding St. John, after much effort [1] rolled out of bed, 
and dressed, was sitting by the bed putting the remainder of my specimens the 
best I could together in bundles to carry them down to the landing, when Mr. 
Sanford returned with a man from the boat. he said he had come for me and 
my companion, the agents son Mr. W. Stewart, He said seeing the bundles, 
but you are not going to carry all that are you, yes I must try was the reply, 
they are birds, and valuable. no he said you are not able, and I doubt if/[p.5] 
you can walk to the beach. yes I must try, for the mules must be left for to- 
morrow. the sick men must go also. they are no use hear (sic), no medicine or 
food. The man took my choicest bundles on his back, and little by little, with 
his help started for the beach, leaving the rest with the baggage to come next 
morning, nearing the beach, and the boat was by a sudden puff of wind carried 
out to sea, my feeling at this sight was indiscribable (sic) it was near dark 
hefore she came again to anchor. It was a hard task to make the Journey to 
the beach, owing to my feebleness,/|p.6] after getting on board, my first re- 
quest was after bread and tea, a small slice of bread was toasted a little, butter 
spread over it with a cup of tea, was given me and I fell over a sleep (sic) to 
awaken next morning late. The party from the Island came, things and men 
were put on board, they opened my Cave on shore, its choice contents brought 
on board. The Superintendent and one of the ablest men was left on the Island, 
all the provisions that could be spared from the boat, was given them, with 
the promise that more should spedily (sic) be sent them, when we /[p.7] bid 
them, the Island, and the faithful St. John, farwel (sic), and pushed off, food 
and drink was given to us sparingly, Reached San Diego, Thursday night 
may 20, 1875, weighing 125 pounds, going on the Island, weighing one hun- 
dred and sixty. 

The cause of the long detention on the Island, was owing to the inability of 
W. W. Steward [Stewart ],—with whom arrangements had been made to send 
a boat in six weeks, to dispatch one from San Diego before, as no boat smaller 
than mail steamer, entered the harbor of San Diego, during that time, if a boat 
was kept at the/[p.8] Island, the hands might escape, and when the want of 
food, was made known by Telegraph to the President of the goat company, it 
turned out he had unintentianally (sic) kept the memorandum of Provisions 
in his pocket, instead of sending them on the Island at the time of my visit,— 
The distressed condition of those from the Island—awoke the simpathy (sic) 
of the company, A new president was elected, and six months provisions with 
some new men was promptly sent on the Island. 


In the San Diego Union for May 21, 1875, is the following: “The 
schooner Coso arrived last evening from Guadalupe Island to W. W. 
Stewart & Co., bringing up as passengers Dr. Palmer, of the Smithsonian 
Institution, Master Harry Stewart, and two of the men employed on the 
island. Dr. Palmer has been engaged in collecting specimens of natural 
history for several weeks past. There has been some sickness among the 
men on the island, the supply of flour having given out some weeks ago, 
and an exclusively meat diet having proved unwholesome. The schooner 
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left the men all the flour she could spare, and more will be forwarded 
immediately.” 

The second item of interest is a holograph letter from Robert Ridgway, 
then twenty-five years old, requesting Palmer to use his influence with 
S. F. Baird, Secretary of the Smithsonian Institution, to have Palmer’s 
birds turned over to him rather than to Dr. Elliott Coues for identifica- 
tion. History shows that this was done. 


Ridgway’s letter to Palmer runs as follows: 


Smithsonian Instn. 
Washington, D.C. 
Nov. 14, 1875 
Dear Doctor: 

I have just returned from a months absence at my old home in Illinois, and 
embrace my first opportunity to answer your favor of the 16th of October. 
On visiting the Smithsonian yesterday I found your birds in Dr. Coues’ hands, 
but informed Professor Baird that you had requested me to work them up, and 
strongly urged my claim to the first right. Please write to him yourself at the 
earliest moment, regarding this matter, as I would like to work up all your 
collections in the bird line—will do it with pleasure, and in a manner which I 
am sure will meet your approval in all respects. 

In looking over your collection I was astonished to find apparently every 
species an entirely new one [last two words not italicized |—most of them very 
distinct from any previously known, while Dr. C., was not aware of any differ- 
ence whatever until I informed him. I will be glad to have all the information 
you can possibly give me regarding each species of these birds, and also full 
notes upon the geographical location, geological formation, natural productions 
of all kinds (particularly the flora and sylva, since these influence so much the 
distribution of the birds) so that i will have material for an elaborate paper 
—in which you shall have full, and entire credit. 

I am now making a hobby of big trees; and if you can supply me with any 
newspaper scraps, or original notes, on large trees of any part of the world, 
I will accept them most gratefully; the smallest items will be thankfully re- 
ceived. During the course of your explorations and ramblings you must have 
come across many ‘“‘monarchs of the forest”—particularly in the tropics. And 
you probably have stored up much information, both general and detailed, in 
this branch. 

Let me hear from you, and believe me, in haste Yours truly Robert Ridgway 


Dr. Edward Palmer 
St. George, Utah Crops Research Division, 
United States Deparment of Agriculture, 
Beltsville, Maryland. 
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VEGETATION HISTORY OF THE PACIFIC COAST STATES 
AND THE “CENTRAL” SIGNIFICANCE OF THE 
KLAMATH REGION} 


R. H. WHITTAKER 


INTRODUCTION 


Among the major developments in the biogeography of the eastern 
United States were three interrelated ideas: (1) the close floristic relation 
between the eastern United States and eastern Asia (Gray 1846, 1873, 


111952), (2) the central relation of the southern Appalachians to eastern 


vegetation (Adams 1902), and (3) the significance of the mixed meso- 
phytic forests in eastern forest history (Braun 1947, 1950). It is through 
vegetation history that these points take on their meanings in relation to 
one another. During the Tertiary, in Oligocene and Miocene time, Arcto- 
Tertiary forests occupied much of the present temperate latitudes of 
Eurasia and North America. Although these forests differed from one 
area to another, there was floristic exchange between the two continents 
across the Bering land bridge, and the forests showed general floristic 
similarity around the Northern Hemisphere. With the increasingly dry 
climates and glaciation of later time, these forests were increasingly frag- 
mented, restricted, and modified, while other, more dry-adapted types of 
vegetation spread through the interiors of Eurasia and North America. 
Remnants of the Arcto-Tertiary forests exist now on opposite sides of the 
two continents—in the eastern United States and eastern Asia, and (with 
fewer surviving genera) in the western United States and western Europe. 
In the southern Appalachians especially, mixed mesophytic forests occur 
which are suggestive of the Arcto-Tertiary forests, have a “central”’ rela- 
tion to the forest floras of other parts of the eastern United States, and 
have strong floristic affinities with forests of eastern Asia. 

It is natural to seek a comparable center for western forests. An exten- 
sive area of old and geologically complex mountains, the Klamath Ranges, 
extends from the southern end of the Cascade Range and the northern 
end of the Great Valley of California, west to the Pacific Ocean. One may 
observe of these mountains that: (1) The area has, like the Southern 
Appalachians, one of the most highly complex vegetation patterns in 
North America (Whittaker 1956, 1960). Into this area extend and meet 
in a complexly interdigitating pattern, various types of vegetation which 
form the prevailing climaxes of other areas. All western plant formations 
dominated by trees occur in the Klamath Region, as in no other area. 
(2) Those forest formations which are of most highly mixed tree-stratum 
composition and are thought most to resemble Arcto-Tertiary forests in 


1 A contribution from the Department of Zoology, Washington State University, 
and the Department of Biology, Brooklyn College. The author’s studies in the Klam- 
ath Mountains were supported in part by the funds for medical and biological research 
of the State of Washington Initiative Measure No. 171. The author is indebted to 
R. W. Chaney, D. I. Axelrod, and H. D. MacGinitie for comments on the manuscript. 
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the West, occur in this region—the redwood forests and mixed evergreen 
forests. Of these the mixed evergreen forest is the link between two major 
fractions of western forest vegetation—the coniferous forests, and the 
sclerophyll and oak-pine woodland grouping. (3) The Klamath Region 
has also an exceedingly rich flora for its latitude; it is a center of floristic 
diversity and narrow endemism (Jepson 1923-25, 1935, Mason 1927, 
Peck 1941, Detling 1948b), and many plant genera have maximum 
numbers of species in the West, including endemics, occuring there. One 
may, with certain qualifications to be observed, regard the Klamath Re- 
gion as a “center” for the western forests. 

The prevailing climax at low elevations over much of the Klamath 
Region is the Mixed Evergreen Forest (Munz & Keck 1949, 1950, 1959, 
cf. Cooper 1922, Clark 1937)—mixed forests with two-level canopies of 
larger evergreen-needleleaf or coniferous trees (Pseudotsuga menziesii, 
Pinus lambertiana, Chamaecvparis lawsoniana, etc.) and smaller ever- 
green-broadleaf or sclerophyllous trees (Lithocarpus densiflora, Arbutus 
menziesii, Castanopsis chrysophylla, Quercus chrysolepis, Umbellularia 
californica, etc.), with deciduous trees (Acer macrophyllum and A. circi- 
natum, Cornus nuttallii, Corylus californica, Quercus kelloggu, etc.), usu- 
ally present also. In relation to moisture the canopy changes, from mesic 
stands in which the coniferous stratum is dense and deciduous trees may 
outnumber sclerophylls, through stands in which the conifers are scat- 
tered in open growth above a dense sclerophyll stratum, to more xeric 
stands in which both strata are open and pines (P. lambertiana, P. pon- 
derosa) rather than Pseudotsuga are principal conifers. 


The complex vegetation of the Klamath Region may be conceived in 
terms of these mixed evergreen forests as the central, prevailing climax 
or vegetational matrix for the region, giving way to other types of com- 
munities in various ways (Whittaker 1960). (1) Within the main area 
of the mixed evergeen forests, distinctive communities of different compo- 
sition and structure occur on serpentine and other special parent materi- 
als. (2) Toward more humid environments nearer the Coast the density 
of the conifers increases while that of the sclerophylls decreases, and the 
mixed evergreen forests gradate into Pseudotsuga forests. These in turn 
gradate into coastal Sequoia forests in which sclerophylls are represented 
by small numbers of stems. (3) Toward the north and higher elevations 
the sclerophylls decline, and the mixed evergreen forests gradate into 
montane forests dominated by Pseudotsuga, Abies concolor, and Pinus 
ponderosa. Toward still higher elevations these gradate into subalpine for- 
ests dominated by Abies procera, Tsuga mertensiana, and (locally) Pinus 
monticola and Picea breweriana. (4) Toward the drier interior, Pseudot- 
suga declines and the sclerophyll strata become more open, and the mixed 
evergreen forests gradate into northern oak woodland (Quercus kelloggii, 
Q. garryana) in Oregon, pine-oak foothill woodland (Pinus sabiniana, 
Quercus douglasti, Q. agrifolia, etc.) in California. (5) Toward the south, 
the mixed evergreen forests narrow toward the coast (to» become part of 
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the “redwood border” vegetation of the California Coast Ranges), and in 
drier climates gradate into broad-sclerophyli forests and these into 
chaparral. 

It will be the object of this paper to consider the vegetation history of 
the Pacific Coast states with special reference to the Klamath Region 


_ and two questions—the origin of this vegetation pattern and the central 


relation of this region to the western forests. 


VEGETATION HISTORY 


Some aspects of vegetation history bearing on the Klamath Region 
have been summarized by Chaney (1936, 1938a, 1938c, 1940, 1947, 
1948a) and Axelrod (1940a, 1950c, 1952, 1958, 1959). Geological history 
bearing on the story has been summarized by Diller (1894, 1902), Her- 
shey (1903), Smith & Packard (1919), Clark (1921), Willis (1925), 
Fenneman (1931), Smith (1933), Reed (1933), Weaver (1937), and 
Williams (1948). 

Pre-Cenozoic (Jurassic and Cretaceous) floras of the Klamath Region 
and Oregon Coast Ranges are described by Fontaine (1905a, 1905b, 
1905c) and Chaney (1948a). Forest trees of more modern types became 
widespread in Cretaceous time; Cretaceous floras include almost all the 
families of the subtropical Eocene floras of the West, as represented by 
the Goshen flora (Chaney & Sanborn 1933). Much of the area of Cali- 
fornia and Oregon, inland to the Sierra Nevada and Blue Mountains, was 
submerged in the Cretaceous; the Klamath Region itself formed an exten- 
sive, mountainous island which later was probably reduced by erosion 
and subsidence to an archipelago of scattered islands (Diller 1894, Con- 
don 1902, 1910, Smith & Packard 1919, Smith 1933, Reed 1933). To- 
ward the close of the Cretaceous the Klamath Region was raised above 
the sea again. 

In Eocene time the full land surface of the Klamath Region was occu- 
pied by vegetation as it has been (except for local alpine glaciation) 
through the whole of Cenozoic time since. With continued evolution of 
modern plant types, extinction of archaic ones, and probable climatic 
warming accompanied by migrations toward the north, subtropical for- 
ests of essentially modern types appeared in the United States in the 
Eocene, as the Wilcox and other floras of the East (Berry 1916, 1930, 
1937), the Goshen and other floras of the West (Chaney & Sanborn 1933, 
Chaney 1936, 1938c, 1947). During the Eocene epoch, the Oregon coast 
north from the Klamath Mountains was submerged (Weaver 1937), as 
was the Great Valley and much of California west of the Sierra Nevada 
(Clark 1921, Reed 1933). The Oregon and California Coast Ranges were 
not yet formed, although submarine volcanic activity on an immense scale 
was producing the lavas later to become the core of the Coast Ranges 
of Oregon and Washington (Williams 1948). The Cascade Mountains 
were not yet elevated to intercept the moisture of maritime air masses. 
Most of Oregon was a broad plain, across which mesophytic forests ex- 
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tended from the coast to the John Day Basin area of eastern Oregon 
(Clarno flora, Knowlton 1902, Chaney 1938c, 1948a) and beyond. The 
high temperatures of the Eocene permitted subtropical floras to extend 
northward to about 50° north latitude on the coast (Chaney 1947), and 
some elements of these forests to extend as far as 56—57° in Alaska (Hol- 
lick 1936, Chaney 1949). 

Mesophytic subtropical forests, representing the Neotropical-Tertiary 
Geoflora, appear in fossil floras from widely separated points in the Pacific 
Coast states—from the California Sierra Nevada (Chalk Bluff and La 
Porte floras, MacGinitie 1941, Potbury 1935), through western Oregon 
(Comstock and Goshen floras, Sanborn 1935, Chaney & Sanborn 1933, 
Chaney 1936, 1948a) to the Puget floras of Washington (Newberry 1898, 
Chaney 1947). Physiognomically, such forests were dominated by trees 
with leaves of subtropical types—of moderate size, thick and probably 
evergreen texture, mostly entire margins, and in many cases elongate tips; 
floristically the Lauraceae (Cinnamomum, Persea, Ocotea, Neolitsea, 
Cryptocarya, Lindera, Nectandra) predominated along with Ficus, Ano- 
na, Meliosma, Magnolia, and other subtropical or tropical forms. Such 
subtropical forests doubtless prevailed in the lowlands of the Klamath 
Region. There is little indication of the upland forests of that time; but 
it may be presumed that temperate forests, probably including such gen- 
era as Sequoia, Pseudotsuga, and Abies, Alnus, Lithocarpus, and Ulmus 
occurred there (Chaney 1936, 1938a, 1938c) and were related to the tem- 
perate forests which then existed far to the north in Alaska (Hollick 1936, 
Chaney 1938a, 1947). 

Much of western California, Oregon, and Washington was submerged 
during the Oligocene, but the submergence was less extensive in the lands 
adjacent to the Klamath Region (Clark 1921, Reed 1933, Weaver 1937). 
Volcanic activity in the area of the Cascade Mountains, which had begun 
in the Eocene, continued in the Oligocene to form a belt of scattered 
mountains which were still not effective as a climatic barrier (Williams 
1948). In the Klamath Region itself a major uplift believed to have 
occurred at the close of the Eocene (Diller 1902) initiated the long cycle 
of erosion which was to produce the Klamath peneplain. With lower tem- 
peratures in the Oligocene, subtropical forests were displaced to the south, 
while the temperate forests were shifted southward and downward. In the 
western states Metasequoia and other temperate forms which had oc- 
curred in Alaska entered lowland forests along with Sequoia and other 
forms which had occurred on the uplands of the West during the Eocene 
(Chaney 1936, 1947, 1951). Through a wide area of the West there oc- 
curred forests which may be broadly characterized as redwood-mixed, 
dominated by either evergreen or deciduous redwood (Sequoia or Meta- 
sequoia, see Chaney 1948b, 1951) mixed with a variety of deciduous and 
some evergreen broad-leaved trees. These temperate forests of the Eocene 
in the Far North and the Oligocene and Miocene in the United States, 
taken in the broad sense and with allowance for the regional and topo- 
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graphic differentiation within them, represent the Arcto-Tertiary Geo- 
flora (Chaney 1947, 1959). The transition between the Arcto-Tertiary 
and subtropical forests of the West was apparently represented in moist 
lowlands by warm-temperate forests in which Taxodium was dominant 
rather than the redwoods, with Nyssa as a major broad-leaved form 
among a mixture of subtropical and temperate forms—forests suggestive 
_of the swamp forests in warm-temperate eastern North America of the 
present. 
_ Lowland forests of this sort, dominated by Taxodium and Nyssa and 
including forms of both temperate (Metasequoia, Juglans, Salix, Quercus, 
Platanus, Tilia, Ulmus) and tropical (Ocotea, Lindera, Persea, Ficus) 
affinities are represented in the Klamath Region by the Oligocene Weaver- 
ville flora (MacGinitie 1937). Although these do not represent the up- 
land forests, they imply the prevalence of temperate forests over most 
of the land surface of the Klamath Region from that time on. Far east 
from this, the Florissant flora (MacGinitie 1953) occurred in the area of 
the Colorado Front Range; this flora also included forms of subtropical 
affinities but was predominantly temperate in character. Sequoia, Cham- 
aecvparis, Fagopsis, and Zelkova are believed to have occurred along 
streams and on moist bottom-lands, broadleaf forests with many forms 
now represented in forest-grassland transitions of the eastern and south- 
western states in sites of intermediate moisture conditions, and pine wood- 
land with evergreen oak and chaparral forms on drier uplands. Species of 
Picea, Abies, and Acer in the flora are believed to represent mountain 
forests of higher elevations. As observed by MacGinitie (1953, p. 52), the 
low-elevation pattern from mesophytic streamside forest to pine-oak 
woodland is suggestive of vegetation patterns now existing in parts of the 
Klamath Region. A related complex pattern ranging from mesic forest 
with Zelkova, Cercidiphyllum, and Fagopsis through prevailing deciduous 
forest to dry-slope communities with pines, sclerophyll oaks and xeric 
shrubs, with coniferous mountain forests also represented, is described by 
Becker (1956) from the Ruby River Basin of Montana. 


Temperate forests of the upper Oligocene are represented in the Bridge 
Creek flora of the John Day and Crooked River basins (Knowlton 1902, 
Chaney 1924, 1925a, 1927, 1938c), forests of redwoods (Metasequoia) 
mixed with many other species, the living relatives of which occur in the 
West (Tsuga, Abies, Taxus, Lithocarpus, Quercus, Acer, Alnus, Cornus, 
Fraxinus, Philadelphus, Rhamnus), and in forests of eastern North Amer- 
ica and eastern Asia (Carpinus, Castanea, Fagus, Liquidambar, Nyssa, 
Ostrya, Platanus, Tilia, Ulmus, Cercidiphyllum). Forests of this type, but 
with Sequoia rather than Metasequoia, are represented in the Klamath 
Mountains by the Ashland flora (Chaney 1938c). Although no Oligocene 
fossils of upland forests are available for the Klamath Region, the Ash- 
land, Florissant, and Bridge Creek floras together suggest a probable veg- 
etation pattern: mesophytic forests of mixed needle-leaved evergreen 
(Sequoia, Chamaecyparis, etc.) , broad-leaved evergreen (Quercus, Litho- 
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carpus, etc.), and deciduous trees, giving way toward higher elevations 
to cool-temperate forests including A dies and Picea. In the coastal climate 
the pattern would be more strongly mesophytic, with less contrast of the 
extremes of the moisture gradient, than the Florissant pattern. Allowing 
for a warmer and more humid climate than at present, and the extinction 
of some early-Cenozoic forms, especially among deciduous trees, this pat- 
tern would be not unlike that now occurring in the more humid Klamath 
Mountains near the coast. 

With continued cooling of climates from Oligocene through and beyond 
Miocene time, the Neotropical-Tertiary flora almost wholly disappeared 
from most of the United States, though certain members of predominant- 
ly tropical and subtropical families became adapted to life in temperate 
forests and remain as remnants of the Eocene forests (Chaney 1944b, 
1947). In the earlier Miocene, the belt of Oregon now occupied by the 
Coast Range, and additional lands to the west of it, were above sea level 
(Weaver 1937). Warm-temperate forests including forms of subtropical 
affinities extended north on this coastal plain through and beyond the 
Klamath Region, in a manner comparable to that of the vegetation of the 
coastal plain of the eastern United States today. In floras from Rujada 
and Cascadia, in west-central Oregon (Chaney 1938c, 1948a), forms of 
the redwood forests (Sequoia, Lithocarpus, Alnus, Berberis) and decidu- 
ous trees now extinct in the West (Tilia, Castanea, Ulmus, Carya) occur 
together with subtropical Persea, Ocotea, and Sabalites. In the Klamath 
Region itself, the long-continued Klamath erosion cycle (Diller 1902) 
reduced much of the land to a peneplain of gentle or moderate relief. 
Scattered, low mountain ranges, which later became the monadnock sum- 
mits of the major mountain groups of the region, rose locally 1000 meters 
or more above the peneplain. It may be presumed that inland from the 
coastal plain the Klamath lowlands continued to be occupied by red- 
wood-mixed forests, while mountain forests occurred at higher elevations. 


Through later Miocene time, the widespread Arcto-Tertiary forests 
were affected by increasingly dry climates. Great lava flows successively 
destroyed existing vegetation in the interior of Oregon and Washington 
in Miocene and later time (Williams 1948), and formed land surfaces 
which were occupied by new and more dry-adapted vegetation. In the 
Mascall flora of the John Day Basin, and related floras widely distributed 
from California to Washington and Oregon (Knowlton 1902, Chaney 
1925b, 1948a, 1959), mixed forests with Taxodium and redwoods ap- 
peared. The reduction of the redwoods and other mesophytic forms in 
these suggests, however, a climate drier than that of the Bridge Creek flora 
(Knowlton 1902, Chaney 1925b, 1938c, 1948a, Axelrod 1940a). Resem- 
blance of these forests to the redwood-border forests was emphasized in 
earlier accounts (Chaney 1925b, 1938c, Oliver 1934). The redwood in 
question was the deciduous Metasequoia, however; and the oaks were 
predominantly species with larger, dissected leaves resembling many of 
those now in the deciduous forests of the eastern states, Q. kelloggii and 
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other deciduous western oaks (Knowlton 1902). The Mascall flora of the 
| John Day Basin was thus a predominantly deciduous forest adapted to 
still relatively humid, but increasingly continental climates, of eastern 
Oregon (Chaney 1948a). Forms of subtropical affinities in the Mascall 
flora and the Latah flora of eastern Washington (Chaney 1938c, 1938a, 
Knowlton 1926) suggest continued warmth of climate. Mixed forests in- 
cluding conifers (Sequoia, Abies, Libocedrus, Pseudotsuga, Picea, Thuja), 
sclerophylls (Lithocarpus, Quercus), and deciduous trees occurred at 
Weiser, southwestern Idaho (Dorf 1936). A vegetation pattern including 
_ mixed sclerophyllous and deciduous trees as the prevailing climax, and a 
montane forest with Abies, Pinus, Pseudotsuga, and Chamaecyparis, is 
suggested by La Motte (1936) for the upper Cedarville flora of north- 
western Nevada and northeastern California. Farther south, vegetation 
more distinctly adapted to drier climates appeared in the sclerophyll for- 
ests of the Tehachapi and Mint Canyon floras (Axelrod 1939, 1940b). 

Changing climates of the later Miocene were thus reflected in geo- 
graphic and topographic shrinkage of the mesophytic, Arcto-Tertiary 
forests. The complement to this process was the spread of dry-adapted 
vegetation types and floras, many forms of which expanded northward 
from centers of origin probably in scattered areas of the Southwest where 
Neotropical-Tertiary plants became adapted to aridity in Cretaceous 
and Paleocene time (Axelrod 1958), other forms of which probably 
evolved from species of temperate forests to occupy cooler dry environ- 
ments as these became increasingly available, some forms of which en- 
tered the North American flora from the dry-climate flora of eastern Asia 
(Babcock & Stebbins 1938). Because of the importance of the spread out 
of the Southwest, and of the Mexican mountains as a center, Axelrod 
(1940a, 1950a, 1950c, 1958) has termed the dry-adapted floras of south- 
western derivation, an even broader grouping than the Arcto-Tertiary, the 
Madro-Tertiary Geoflora. 

At the end of the Miocene, the whole Cascade belt was upheaved by 
folding and tilting (Williams 1948), further desiccating the interior of 
Oregon and Washington. Uplift occurred in the Klamath Region (Diller 
1902, Williams 1948), the Olympic Mountains (Weaver 1937) and the 
Sierra Nevada (Diller 1894, Fenneman 1931), drying the interior farther 
south; and further, major uplift occurred at the end of the Pliocene. In 
Pliocene time most of the coastal belt of Oregon was above the sea, but 
lobes of the sea extended into some areas of California and Washington 
(Clark 1921, Reed 1933, Weaver 1937). Deformations producing the 
California and Oregon Coast Ranges occurred at the beginning and end of 
the Pliocene. Islands off the California coast, the history of which may be 
traced backward through earlier Cenozoic time (Reed 1933), supported 
and permitted the differentiation of the California closed-cone pine flora 
(Mason 1934, Cain 1944). The trend of increasing dryness of climate 
continued through the Pliocene, though with fluctuations toward more 
humid climates during part of the epoch. Axelrod (1944c, 1944d, 1948) 
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suggests climates which were more humid and warmer than at present in 
the lower, drier and warmer than at present in the middle, and cooler and 
moister than at present in the upper Pliocene. 

Some of the floras of lower Pliocene (or upper Miocene) age are meso- 
phytic and warm-temperate in character. Coastal plain vegetation of 
warm climate and moist situations is represented in central California 
(San Pablo or Neroly flora, Condit 1938, Axelrod 1944d), with forests 
including Taxodium, Nyssa, Persea, and Magnolia. The Remington Hill 
flora of the Sierra Nevada (Condit 1944a) and the Troutdale flora of the 
Columbia River Gorge (Chaney 1944a) include Sequoia and Chamae- 
cyparis, together with deciduous and sclerophyllous broad-leaved trees. 
These are the last samples of forests of Arcto-Tertiary type in which 
Sequoia, Chamaecyparis, and other conifers, Umbellularia and other 
sclerophylls, are mixed with a diverse deciduous component including 
many genera now restricted to the eastern United States or eastern Asia. 
Metasequoia had apparently become extinct by the end of the Miocene 
(Chaney 1951). At lower elevations in the area of the Remington Hill 
flora, the Table Mountain flora (Condit 1944b) included more xero- 
phytic woodland and chaparral forms. Eastward from these areas, forests 
of the interior are represented in floras of west-central Nevada (Axelrod 
1956, 1957), and the Alvord Creek flora of southeastern Oregon (Axelrod 
1944e). In the Nevada floras Sierra redwoods (Sequoiadendron) occurred 
with other conifers with modern equivalents in the Sierra Nevada and 
Klamath Region on cooler slopes, and chaparral on exposed slopes, in 
vegetation patterns dominated by oak woodlands (Axelrod 1956). At Al- 
vord Creek montane forests of Pseudotsuga, Abies and Pinus on more 
mesic slopes gave way to woodland and chaparral forms on drier slopes. 
Vegetation patterns most nearly resembling this contact of an interior, 
montane derivative of the Arcto-Tertiary forest with Madro-Tertiary 
woodland occur now in the drier, eastern portion of the Klamath Region. 
The Alvord Creek flora suggests the increasing importance of conifers 
other than redwoods (Pseudotsuga, Abies, Picea, Pinus) which were to 
dominate the later forests of the interior. These and other lower Pliocene 
floras represent the latest occurrence over extensive areas of the West 
of forest types and vegetation patterns similar to those now existing in 
the Klamath Region and California Coast Ranges. 

With increasing dryness of middle Pliocene and later time, the more 
strictly mesophytic forms of these forests were eliminated from most or 
all of the western states. Middle Pliocene Mulholland and Petaluma 
floras of west-central California, and the Oakdale from the central Sierra 
(Axelrod 1944a, Dorf 1933, Axelrod 1944b, 1944d) represent oak-wood- 
land communities and reflect the expansion of Madro-Tertiary vegetation. 
The Deschutes and Alturas floras (Chaney 1938b, Axelrod 1944f) of 
northeastern California and eastern Oregon, with Populus, Salix, and 
other riparian forms of semi-arid climates, indicate the elimination of the 
mesophytic forests from the lowland interior east of the Cascades. Wood- 
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land, chaparral, grassland, and desert were spreading over much of the 
_ area formerly occupied by forest (Axelrod 1948, 1950c, 1958). Cooler 
and more humid climates of later Pliocene time are indicated by extension 
into west-central California of more mesophytic forests—the Sonoma, 
Wildcat, and Santa Clara floras (Dorf 1933, Axelrod 1944c, 1944d), in 
which Sequoia was present or dominant, together with sclerophyllous and 
deciduous trees. 

The cooler and drier climates of the Pliocene, accompanied by and in 
part produced by rising mountain ranges along the Pacific Coast, effected 
the replacement of widespread Arcto-Tertiary forests by essentially mod- 
ern vegetation patterns. The mesophytic redwood-mixed forests shrank 
from wide occurrence into a limited area of coastal California and south- 
ern Oregon. Sequoia sempervirens and Chamaecyparis lawsoniana have 
become wholly restricted to this area; the evergreen-broadleaf or sclero- 
phyll component (Umbellularia, Lithocarpus, Castanopsis, Arbutus, and 
Quercus spp.) has become largely restricted to this same coastal belt and 
somewhat less humid climates inland from it. Deciduous components 
were even more strongly affected by increasingly dry summer climates. 
Metasequoia and many broad-leaved deciduous forms are extinct in the 
West; those that have survived have done so by restriction to the same 
areas of humid forests or to mountain forests, by restriction to valleys 
and the vicinity of water-courses in more arid regions, or by such adapta- 
tions to aridity as are indicated by smaller and thicker leaves (Chaney 
1944b). As the range of the mesophytic forests decreased, that of the 
diverse Madro-Tertiary forms increased; and woodlands and other types 
of the less humid West spread as regional climaxes (Axelrod 1948, 1958). 
Floristic differentiation separated the vegetation of southern California 
from that of northern California (Axelrod 1937, 1950b). Floristic differ- 
entiation also separated the forests of the North Pacific Coast, and those 
of the Rocky Mountains and interior ranges, from those of the California 
coastal belt (Axelrod 1940a, 1948, 1950c, Mason 1947), although forms 
now of the North Coast and Rocky Mountains lived with the redwood- 
mixed forests in the California Coast Ranges into middle or upper Plio- 
cene time (Axelrod 1944a, 1944c, 1948), and many of these forms are 
represented in the Klamath Region and Cascade Mountains today. 
Climatic and topographic changes combined to convert mesophytic for- 
est patterns, which changed slowly across great distances of the West, 
into complex and strongly zoned patterns of many plant communities 
closely juxtaposed along steep climatic gradients of the mountains and 
valleys of the Pacific Coast states. 


It is thought that during the Pliocene epoch the vegetation of the 
Klamath Mountains took on essentially its present character. Forests 
related to the present Sequoia and mixed evergreen forests have probably 
existed in this region, with changing distributional relations to elevation 
and topography, through most of Cenozoic time. But it is probably in 
middle Pliocene time that the Sequoia forests, which had occurred at 
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Ashland in the eastern Siskiyou Mountains in Oligocene time, became 
restricted to the coastal belt, while Madro-Tertiary woodland forms en- 
tered the Klamath Region from the south. Thus would result the major 
features of the modern pattern—coastal redwood forests, mixed ever- 
green forest in the central portion of the region, and oak woodland and 
other more xeric types toward its eastern limits. 

California Pleistocene floras (Chaney & Mason 1930, 1933, Potbury 
1932, Mason 1934) represent essentially modern vegetation types. Cli- 
mates distinctly cooler than those of the present are indicated, however, 
by the Willow Creek and Carpinteria floras (Chaney & Mason 1930, 
1933); forests corresponding to the former now occur 600 km. or more 
north along the coast from Santa Cruz Island. The extent to which Pleis- 
tocene climates were cooled and vegetation displaced south of the ice sheet 
in the eastern United States has been debated (Braun 1947, 1950, 1955, 
Potzger & Tharp 1947, Deevey 1949). The combination of fossil forest 
types well south of their present occurrence with glacial topography in 
the higher Klamath Mountains (Hershey 1900, Flint 1957) suggests sub- 
stantial climatic effects accompanying glaciation in this area. Displace- 
ment of the northern limit of the Sequoia forest southward, and expan- 
sion of the montane forests into lower elevations at the expense of the 
mixed evergreen forests, are likely. Cooler climates would also displace 
species which had previously occurred farther north, southward into the 
Klamath Region. In warmer, post-glacial climates, these species could per- 
sist in the area by movement upward in the mountains, as well as north- 
ward. Detling (1954) has observed that the flora of Saddle Mountain in 
the Oregon Coast Range includes a number of boreal relicts resulting 
from this kind of displacement; a number of these have the present south- 
ern limits of their distributions at higher elevations in the Klamath Moun- 
tains. Other Klamath species have distributions suggesting that they are 
relicts from glacial time—notably Chamaecyparis nootkatensis, the 
known southern limit of which is represented by three isolated patches at 
high elevations in the Siskiyou Mountains, two reported by Mason (1941) 
and one found by the author on Preston Peak. 

Retreat of the glaciers was followed by warmer and drier climates until 
the xerothermic period, about 4000-8000 years ago, which was drier and 
warmer than the present (Hansen 1947, Flint 1957). Effects of the drier 
climate were less evident near the coast than in the interior (Hansen 
1947); but vegetational displacements the reverse of those during the 
glacial periods must have occurred in the Klamath area—with movement 
northward of the Sequoia forests and expansion of the mixed evergreen 
forests and still more xeric types relative to forests of more mesic situa- 
tions and higher elevations. Expansion of chaparral over an extensive 
area of California and northward into the Klamath Region probably oc- 
curred also during drier climates of Pleistocene time (Axelrod 1937). 
Relicts of xerothermic vegetation occur on some peaks west of the Cas- 
cades in Oregon, in areas now dominated by mesophytic forests (Detling 
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1953). Comparable relicts, including some of the species listed by Det- 
ling, occur in the Klamath Region, especially on serpentine and other 
special parent materials and on drier mountain slopes in the eastern part 
of the region. 


THE CENTRAL RELATION OF THE KLAMATH REGION 


Major points on the origin of the Klamath vegetation pattern are in- 
dicated in the preceding account; they may be summarized: (1) The 
history of the western forests from Miocene time to the present has been 
one of progressive shrinkage toward the coast and higher elevations, ac- 
companied by progressive differentiation in the different areas of the 
West. Within the Klamath Region, mixed forests of Arcto-Tertiary deri- 
vation were modified by extinction of the greater share of their tree spe- 
cies, especially among deciduous forms, and became restricted to more 
humid climates near the coast. (2) From the Arcto-Tertiary forests 
evolved also, with even more severe depletion of tree species, montane and 
subalpine forests adapted to environments which were cooler, or drier, 
or both than those in which the redwood and mixed evergreen forests 
occur. Higher elevations of the Klamath Region are occupied by montane 
and subalpine forests which are in large part similar in derivation and 
character to those of other western mountains, in part distinctive in occur- 
rence of species (Picea breweriana, Quercus sadleriana, Ribes marshall, 
etc.) endemic to the Klamath Region. (3) An extensive transition of com- 
munities belonging neither simply to Arcto- nor Madro-Tertiary floras 
has probably existed at least since early Tertiary time and has, with the 
evolution and differentiation of its own species and evolution of Arcto- 
and Madro-Tertiary species into and through it, differentiated into vari- 
ous communities occurring between forests and more xeric non-forest 
communities. The mixed evergreen forests and woodlands of the Klamath 
Region have probably such mixed derivation from Arcto- and Madro- 
Tertiary and intermediate floras. Among these communities there is a 
range of climatic variations and probable derivation, from more mesic 
types of mixed evergreen forests which are primarily of Arcto-Tertiary 
derivation, to more xeric pine-oak woodlands primarily of Madro-Tertiary 
derivation. (4) In reciprocal relation to the forest history, dry-adapted 
communities progressively expanded and differentiated in the Southwest 
and interior lowlands, communities predominantly of Madro-Tertiary 
derivation in the south but with increasing representation of forms of 
Arcto-Tertiary or other cooler-climate derivation toward the north. As 
part of this development, woodland, chaparral, and grassland communi- 
ties spread in the drier inland environments of the Klamath Region. 

The thesis has been developed by Braun (1935, 1938, 1947, 1950, 
p. 39, 1955) that the Mixed Mesophytic Association of the Appalachian 
Plateaux is the central, the oldest, and the most complex association of 
the Deciduous Forest Formation, that from the Mixed Mesophytic, or its 
ancestral progenitor, the mixed Tertiary forest, all other climaxes of the 
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deciduous forest have arisen. The corresponding relation of the coastal 
redwood and mixed evergreen forests of the Klamath Region to the west- 
ern forests is suggested, but a number of qualifications on too literal an 
interpretation of this relation should be observed. The Arcto-Tertiary 
forests were not “a community,” but a vegetation pattern with marked 
regional differentiation in dominance and floristic composition, with dif- 
ferentiation also in relation to moisture gradients and presumably other 
local factors. Their species were variously distributed, and widespread 
species probably showed marked ecotypic differentiation then, as today 
(Axelrod 1941). Much of the West has been occupied by vegetation at 
all times; and the effect of climatic change was not to segregate different 
forest types from a single ancestral type, but to cause increasing local dif- 
ferentiation of forests that were already regionally differentiated in the 
Oligocene and Miocene. Many tree species and species-groups have been 
in existence through the whole of the Cenozoic (Stebbins 1950); and 
many of the trees of the West have some history of association with red- 
woods and the Arcto-Tertiary forests (Mason 1947). But the species and 
ecotypic populations that have evolved into the present have been vari- 
ously associated with one another and total community floras variously 
derived from different sources, resulting from diverse patterns of evolu- 
tion and migration in different species and species-complexes. In evolu- 
tionary time species change their patterns of ecotypic differentiation and 
association with other species; and the evolution of communities is reticu- 
late, not simply divaricate (Mason 1936, 1947, Whittaker 1957). If the 
forests of the West are in part derived by differentiation from the red- 
wood-mixed forests, they may also be derived in part from other conifer- 
ous forest communities whose history in the West—in higher elevations 
and drier situations in the mountains—may go back as far as that of the 
redwood-mixed forests. Resemblance of the coastal redwood and mixed 
evergreen forests to the earlier redwood-mixed forests does not imply that 
the former are in any very real sense ancestral to western forests in gen- 
eral. It implies only that, in the progressive shrinkage, species-extinction, 
and regional differentiation of the western forests from the Miocene to 
the present, the largest fraction of Arcto-Tertiary forms, representing all 
three tree growth-forms, survived in the most favorable climate—that 
of the Klamath Region and northern California Coast Ranges. 


One reason for the “central” relation of the Klamath Region thus lies 
in geographic and climatic circumstance. It is in this region, as in the 
Southern Appalachians in the East, that a combination of sufficient hu- 
midity and warmth of climate occurs to support mesophytic, mixed for- 
ests which are most like Arcto-Tertiary forests among existing vegetation 
types. Location and climate of the Klamath Region, and the steep climatic 
gradient from the coast inland, are responsible also for much of the vege- 
tational diversity of the region, and for the meeting there of plant com- 
munities of diverse climatic and geographic relations. 

The notable floristic diversity of the region is also in. part a conse- 
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quence of edaphic diversity. Geological history has resulted in an un- 
usually complex mosaic of parent materials, often with striking effects on 
vegetation and flora (Whittaker 1954, 1960). Parent material contrasts 
also contribute to the meeting of community-types and species of widely 
different geographic relations. Thus at low elevations in the central Sis- 
kiyou Mountains, Chamaecyparis-Pseudotsuga forests with deciduous 
and sclerophyll trees and Northwestern floristic affinities, and Jeffrey pine 
woodlands with Libocedrus decurrens and Arctostaphylos viscida and 
floristic affinities with the montane forests of the Sierra Nevada, occur in 
close proximity—but the former on diorite, the latter on serpentine. Many 
of the numerous species which reach their distributional limits in the 
Klamath Region occur there as localized, “relict” populations on serpen- 
tine, gabbro, or other special parent materials. Greatest numbers of nar- 
rowly endemic species occur on these same parent materials; other narrow 
endemics appear on more “normal” parent materials at high elevations 
and in other special situations. Concentrations of narrowly endemic 
species in the area are thus related to edaphic factors (cf. Mason 1946a, 
1946b) and other environmental extremes (cf. Detling 1948a). 


The Klamath Region thus shares characteristics with other centers of 
floristic diversity and narrow endemism—topographic complexity, edaph- 
ic diversity, and age of land surfaces. The diversity of habitats has been 
characteristic of the area throughout its long history, although climatic 
gradients were probably less steep before middle Pliocene time. Even at 
the maximum development of the Klamath peneplain, mountains of di- 
verse parent materials existed in the area. The region has at all times 
offered a complex mosaic of habitats in which species of diverse environ- 
mental requirements might survive, while submergence, glaciation, cli- 
matic desiccation, and lava flows have affected surrounding areas. From 
the unlimited diversity of the present geographic and probable historic 
relations of species represented in the area, one may recognize such 
major groupings as: (1) widespread western species, and Sierra-Cascade 
species, which extend through the region; (2) formerly more widespread 
species which are now relict endemics or epibiotics in the region; (3) 
species of diverse present distributional relations which extend, from the 
south, the north and the interior, into communities in appropriate cli- 
mates in the region, many of these species being at or near their limits 
of distribution there; (4) species of diverse distributional relations rep- 
resented in the region by localized, “relict”’ populations on special parent 
materials, at higher elevations, or both; (5) narrowly endemic species of 
diverse origin, many of which may have evolved within the region to 
occupy some part of its complex mosaic of habitats. 

The central relation of the Klamath Region is regarded primarily not 
as one of a center of origin for forests of other parts of the West, but as 
a center toward which mesophytic forests of the past have shrunk, and as 
a center of accumulation of species of varied evolutionary history in the 
diverse habitats of ancient land surfaces. This does not mean, however, 
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that the area has not also been a center of origin of major significance for 
some groups of plants—a reservoir of species populations of diverse envi- 
ronmental adaptations and of genetic diversity within some species and 
species-complexes, from which populations have evolved and migrated 
into other areas. The genus Crepis provides an example (Babcock & Steb- 
bins 1938), with a number of diploid species now relict in the Klamath 
area, while genetic material from these has been used in apomictic poly- 
ploids which have spread over semi-arid environments of the interior. 
The cytogenetics of Crepis further suggest that endemic species shared by 
the Klamath Region and the Tehaman area of the northern Sierra Nevada 
(Jepson 1923-25) have reached the latter from the Klamath Mountains 
(Babcock and Stebbins 1938). 

It may be noted that the two aspects of the central relation of the 
Klamath Region discussed are to some extent separate phenomena. The 
central vegetational relation is a consequence of location and climate, 
primarily because of adjacency to the Coast; the concentration of species 
diversity and endemism is a consequence of climatic and edaphic diver- 
sity and age, primarily because of the mountains inland from the coastal 
belt. A series of criteria for centers were suggested by Adams (1902, 
1909); but these are each subject to limitations and are to some extent 
independent of one another (Cain 1944). “Centers” are conceptual pro- 
ducts of interpretation according to chosen criteria (Whittaker 1956). 
The Klamath Region is by no means the only center for forest vegeta- 
tion and flora in the West. The Sierra Nevada is of comparable antiquity ; 
this and other California ranges are rich in species, including narrow 
endemics. A center of maximum development of conifereous forests may 
be located in the Puget Sound area, and the center for the sclerophyll 
complex is well to the south of the Klamath Region. In the complex 
vegetational and floristic pattern of the West there may be no single area 
which has the same degree of ‘“‘central”’ significance as the Southern Appa- 
lachians in the East. Yet, when these various allowances are made, it 
remains true that the Klamath Region possesses a central relation to other 
forest areas which is one of the significant features of the biogeography 
of the western United States. 


SUMMARY 


1. The Klamath Region of northwestern California and southwestern 
Oregon is an area of old and geologically complex mountains, supporting 
a complex vegetation pattern and a diverse flora rich in narrowly endemic 
species. The region is a floristic and vegetational “center” for the forests 
of the western United States. 

2. Vegetation history of the Pacific Coast states since Miocene time 
has involved progressive shrinkage of Arcto-Tertiary forests and progres- 
sive expansion and differentiation of Madro-Tertiary communities. Mixed 
forests (coastal Sequoia and mixed evergreen forests) most nearly related 
to the Arcto-Tertiary forests in the West are now limited.to the Klamath 
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Region and northern California Coast Ranges, while woodland, chaparral, 
and grassland communities primarily of Madro-Tertiary derivation have 
entered the Kiamath Region from the south to form the more xeric part 
of its vegetation pattern. 

3. Floristic diversity of the Klamath Region has resulted from climatic 
and parent-material diversity, together with age of the mountains which 
has permitted species of diverse histories and environmental relations to 
survive there, often as relicts restricted to special parent materials or 
situations. 
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GERMINATION OF CEANOTHUS SEEDS?! 


CLARENCE R. QuICK AND ALICE S. QUICK 


__ The many species of ceanothus in California are ecologically diverse, 

but they occur most frequently and most abundantly on relatively arid 
| sites and where repeated wildfire has been a determinant of vegetative 
composition. Because of prompt and abundant seedling regeneration after 
fire (Quick, 1959) and because many or all ceanothus species have nitro- 
gen-fixing nodules on their roots (Quick, 1944), the genus is an important 
_ factor in development and conservation of high-quality soil profiles under 
wildland vegetation. In order to survive fire, seeds “stored” in duff and 
_ topsoil must lie in relatively well-insulated positions and be quite obdu- 
rate to heat (Quick, 1956). 

Most ceanothus seeds will not imbibe water and “plump” in the labora- 
_ tory unless they are first subjected to some type of heat treatment (Quick, 
1935), or to seed-coat scarification. Unplumped seeds cannot germinate 
because they are dry. Seeds of montane species of ceanothus commonly 
_ will not germinate, even if thoroughly plumped, unless an embryo dor- 
mancy has been obviated by appropriate stratification treatment; i.e., by 
continuously-meist aerated storage for some weeks at temperatures slight- 
ly above freezing. The present paper reports data from experiments aimed 


1Facilities for seed storage and culture, stratification and germination were made 
available by the California Forest and Range Experiment Station, United States 
Forest Service, in cooperation with the University of California at Berkeley. 
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TABLE |. EFFECTS OF "STEEP" TYPE HOT-WATER TREATMENT ON GERMINATION 
OF DEERBRUSH (CEANOTHUS INTEGERRIMUS) SEED 


Water Seed sample , weeks stratified at 2.2° C., and age of seeds (years) 
temperature when cultured. 
degrees C!' Percent of 40 seeds germinating 
Q-Ol5 Q-0l8 Q-Ol8 Q-087 
14 l2 15 14 
2 "> | 2 
70 ---- 75 72.5 wees 
2) SaaS THES 50.0 === 
80 NGeH® 47.5 16510) 100.0 
82.5 ad ree 60.0 a 
85 85.0 87.5 95.0 92.9 
87.5 Bae aS Ants) Ses 
90 70.0 70.0 Cie 87.5 
95 SES 70.0 85.0 Sas 
Mean 75.8 Te lbete 74.1 eS) 


'Temperature of one liter of water in container at start of "steep’ treatment. 


at defining optimum laboratory methods for inducing germination of seeds 
of snowbrush (Ceanothus cordulatus Kell.) and deerbrush (C. integer- 
rimus H. & A.)” Records of seed longevity of these and other ceanothus 
species are reported also. 

The two separate requirements for germination of ceanothus seed of 
montane species, plumping followed by stratification, are equally impor- 
tant in that either treatment alone is ineffective. Stratification as a pre- 
requisite to germination of seeds of wildland plants is much more fre- 
quently encountered than need for special treatment to obviate seed-coat 
impermeability. However, because seeds must be plumped before they 
can be conditioned for germination by stratification, methods of plump- 
ing will be considered first. 


2 Srep SAMPLES. Seeds used in the experiments were collected from vigorous plants 
when fruits were fully mature. Collections were thoroughly air dried. Seeds were 
then extracted from pods by rubbing as gently as possible between two pieces of 
board. Seeds were sieved, winnowed, recleaned, desiccated over calcium chloride, 
placed in air tight containers, and stored at 2.2°C. (36°F.). 

Collection data for seed lots of Ceanothus cordulatus Kell. follow: Q-155, August 
1937, South Fork Stanislaus River, at ca. 4800 ft. altitude. Q-156, August 1937, 
southwest of Cow Creek Guard Station, Stanislaus National Forest, at ca. 5800 feet 
altitude. Q—239, September 1940, Stinchfield Place, west of Pinecrest, Stanislaus 
National Forest, at ca. 5500 feet altitude. 

Collection data for seed lots of Ceanothus integerrimus H. & A. follow: Q-015, 
collected September 1934, same locality as Q-155. Q-018, July 1935, roadside, state 
highway 49, south of Grass Valley, Nevada County, at ca. 2500 feet altitude. 0-026, 
August 1931, same locality as Q-155. Q-087, September 1934, sub-sample of Q-015 
which passed 12-mesh sieve. Q-113, September 1936, same locality as 0-239. Q-158, 
October 1937, southeast of Cow Creek Guard Station, Stanislaus National Forest, at 
ca. 6300 feet altitude. ~ 
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Fic. 1. Boiling water and germination 
of snowbrush (Ceanothus cordulatus) 
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Fic. 2. Temperature of stratification 
and germination of deerbrush (Ceano- 
thus integerrimus) seeds, sample Q-018. 
(Seeds were placed in 1 liter of water at 


85°C. [185°F.] and allowed to cool to 
room temperature before culturing.) 


Hot WATER TREATMENT 


Two convenient methods of treating seeds with hot water to increase 


_ seed-coat permeability have frequently been used. In the “steep” method, 


seeds are tossed into a measured volume of water at a given temperature 
and left in the water until cooled to room temperature. In the boiling- 
water treatment, seeds are vigorously boiled in water (212°F.) for a given 
length of time. After the allotted period of boiling, the seeds are soused 
in an excess of cold water and then cultured. 

Table 1 reports results of treating four lots of deerbrush seeds in hot 


| water by the steep method. The volume of water in all tests of this series 


was one liter (1.06 quarts). Temperature at start of treatment varied 
from 70°C. (158°F.) to 95°C. (203°F.). All cultures were of 40 seeds, 
and all were stratified at 2.2°C. (36°F.) after the hot-water treatment. 


_ The steep treatment obviously is satisfactory for removing impermeabil- 


ity of deerbrush seed-coats. 
Boiling water also will condition ceanothus seeds for successful strati- 
fication and germination (Quick, 1935). A treatment somewhere between 


a few seconds and perhaps 10 minutes might be expected to be the opti- 


mum period in boiling water. This optimum treatment could be expected 
to vary with different species, and with differences in maturity, age, and 
condition of seed of a single species. 

Figure 1 presents data resulting from treatment of three samples of 
snowbrush seed (C. cordulatus) in boiling water. The objective was to 
determine if optimal treatment with boiling water lay between 5 and 90 
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Fic. 3. Statistical generalization of germination data from snowbrush (Ceanothus 
cordulatus) seeds boiled in water, showing curves for straight-line regression, log- 
arithmic regression, and multiple regression. (Seed collection Q—155, 4800 feet alti- 
tude, age 41 months.) 


seconds. Each culture consisted of 100 seeds. Seeds were treated in Berke- 
ley at an altitude of about 125 feet by tossing them into vigorously boiling 
tapwater and by pouring the boiling water and the seeds into excess cold 
water at the end of treatment. Seeds were planted in autoclaved river 
sand, left at room temperature a few days to plump, then stratified at 
2.2°C. for 94 days, and finally germinated in the greenhouse for 5 weeks. 

No obvious optima appear on the graphs of figure 1. The best period 
of treatment in boiling water for sample Q—239 at time of testing may 
have been more than 90 seconds. In contrast, the other two lots appeared 
to have very short optimal periods of boiling. 

Some tests on deerbrush seeds (C. integerrimus) indicate that very 
short periods of boiling will condition only part of the seeds of a sample 
for germination. For example, seeds of collection Q—087 (age 26 months) 
were boiled for various short periods. Final germination was as follows: 
boiled 4 seconds, 20% germination; 8 seconds, 78%; 16 seconds, 63%; 
32 seconds, 68%; and 64 seconds, 73% germination. The four-second 
treatment obviously was too short to be effective on the majority of seeds 
of this two-year-old collection. Likewise seeds of sample Q—026 at age 
of 28 months were boiled for short periods, stratified at 2.2°C. for 102 
days, and germinated in the greenhouse. Germination follows: boiled 30 
seconds, 60% germination; 1 minute, 76%; and 2 minutes, 64% germi- 
nation. Most lots of snowbrush seed seem to be adequately treated by 
shorter periods of boiling than deerbrush seeds. No very*short and obvi- 
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mination of deerbrush (Ceanothus inte- after long boiling in water. (Species of 
gerrimus) seeds. (Seed collection number, ceanothus, seed collection number, alti- 
altitude of collection, and seed age in tude of collection, and age of seed in 
months.) months.) 


ously inadequate treatments of snowbrush seeds with boiling water, such 
as described above for deerbrush seeds, have been observed. 


STATISTICAL GENERALIZATION 


When small lots of ceanothus seeds of a single sample are boiled for 
various short periods, then stratified and germinated, a graph of results 
commonly appears to fit a curve rather than a straight line (fig. 1). From 
theoretical considerations of the effects of boiling water on horny seed 
coats, an exponential scale on the time axis of a graph would be expected 
to fit the data better than an arithmetic scale. This generalization can be 
conveniently handled in linear regression analysis by using logarithms of 
time units rather than time units as such (Snedecor, 1938, pp. 308-312). 
Another common method of “fitting” a curve is to add, as a second vari- 
able, the square of the independent variable—in this case the square of 
the time units (Snedecor, 1938, pp. 313-316). 

Figure 3 graphs data resulting from eight cultures of boiled snowbrush 
seed. Plotted first in this figure is the straight-line regression in which 
time of boiling is handled arithmetically as number of seconds. Also on 
the graph is a logarithmic regression, computed by linear regression meth- 
ods, in which time (the independent variable) was the common logarithm 
of seconds boiled. The third line on the graph is the multiple regression 
curve in which two time variables, (1) seconds boiled, and (2) square of 
seconds boiled, were used. 
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The straight-line equation appears to be an oversimplification of the 
data involved. The multiple regression equation in which the square of 
seconds boiled was added as a separate variable is not a valid general- 
ization because it predicts a minimum germination percentage at about 
70 seconds of boiling and a steadily rising germination percentage after 
70 seconds. The logarithmic transformation appears to be the best gen- 
eralization of the three presented and will be used hereafter whenever a 
straight-line relationship is not considered adequate. 
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Fic. 6. Additional tests on long-boiled ceanothus seeds. (Species of ceanothus, 
seed collection number, and age of seed in months.) 


STRATIFICATION TIME AND TEMPERATURE 


A reasonably effective temperature and period of stratification must be 
known before conclusions about effects of other variables in germination 
of ceanothus seed can be considered precise. Work reported by Quick 
(1935) indicates one treatment (2.2°C. for 3 months) that seems gen- 
erally effective, but offers no comparison with other time-and-temperature 
combinations. Figure 2 reports results of a series of stratification tests on 
deerbrush seed of sample Q—018. Obviously any one of three stratification 
temperatures will satisfactorily condition water-permeable deerbrush seed 
of this lot for germination. Other experiments have shown that snowbrush 
seeds react similarly, but commonly are best stratified at 2.2°C. or 0°C. 
rather than at 5°C. 

Differing severities of hot-water treatment might conceivably change 
the time-and-temperature reactions of ceanothus seeds to subsequent 


1961] QUICK: CEANOTHUS 29 


TABLE 2. GERMINATION OF OLD CEANOTHUS SEEDS 


a) >) > xn o o 7) 7) 
z8 Sees e ele Oe fas ape 
ae gas eS Shoe See ges, 
29 o @ Xx. ap = O° <= oO a 
So ~ 53 20 22 aS Ee ae 
= 8 aoe ae Soe 5 8 
2 Species of Ceanothus Digs O. 3 2 e 

= = 

on 
014 © arboreus Greene'® 225 20-5 50 6 none 38 
370 C. arcuatus McMinn 6000 9-5 50 20 99 66 
155  C. cordulatus Kell. 4800 15-4 100 10 108 7 
(Keyra ud ui 5800 15-4 00 10 108 87 
Zoo. | a 5500 12-3 0O 10 108 90 
Sly | ° ie 5800 13-4 100 20 90 8 
Steve eu J " 6600 13-3 OO 20 90 86 
056 C. cuneatus (Hook.) Nutt. 2700 17-5 00 10 98 98 
024 C. divaricatus Nutt. SSS 19-6 OO 5 108 46 
183 C. impressus Trel.' 400 are 25 5 none 88 
026 C. Iintegerrimus H.8A. 4800 24-4 00 20 90 90 
Oe aay " ae 4800 21-3 100 20 90 100 
Osi" @ a 4800 alias (ele) 20 90 93 
ore a 2500 20-5 0O 20 90 95 
ise: _" us a 6300 15-3 ee) 10 108 98 
Boe" u " 5500 12-3 100 10 108 Die 
O57 C. /emmon Parry 2700 17-5 0O 10 108 96 
247 C. prostratus Benth. 5800 12-5 80 10 108 100 
028 C. sorediatus H.&A° 750 22-\| 00 10 CS BMS: 
Ole a ‘3 800 17-5 0O 10 86 96 
025 C. spinosus Nutt.2 250 19-4 66 5 108 93 
246 C. velutinus Doudgl. 4300 12-4 100 10 108 92 


' © arboreus and C. impressus not stratified prior to germination. 
2 Seeds from landscape planting. 
3. sorediatus ‘stratified at 5°C. (41°F), all other species at 2.2°C. (36°F). 


stratification. However, two series of cultures of deerbrush seed, sample 
Q-018, one of seeds boiled for 20 seconds and the other for 70 seconds, 
reacted the same to stratification, insofar as could be told from inspec- 
tion of the data. 

Quick (1935) found that requirements for optimal stratification of 
ceanothus seed apparently varied among the species in relation to the alti- 
tude at which the species commonly grew. Results from series cultures of 
three collections of deerbrush seeds from different altitudes are summar- 
ized in figure 4. Deerbrush seeds from lower altitudes appear to respond 
progressively to shorter periods of stratification. 


TOLERANCE TO BOILING WATER 


Immersion in boiling water for 10 to 20, or perhaps 30 seconds will 
satisfactorily condition most ceanothus seeds for germination, if subse- 
quently the seeds are adequately stratified. The limit of tolerance of both 
deerbrush and snowbrush seeds to boiling water was tested in Berkeley 
by individually boiling subsamples from 1 to 20 or 30 minutes. Figure 5 
graphs the results from long-boiling treatments on one lot of deerbrush 
seed, Q—026, and one of snowbrush seed, Q—239. 
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The regression equation for the deerbrush series of treatments is E = 
91.64 — 4.214X (r = 0.982), where X is simply minutes boiled. This 
equation predicts that on the average 4.2 percent of germination is lost 
for each minute the seeds of lot Q—026 are boiled. The corresponding 
equation for the snowbrush series is E = 108.67 — 3.571X (r=0.989). 
The regression line for deerbrush seeds crosses the time axis—zero ger- 
mination—at 21.75 minutes, and for snowbrush seeds at 30.43 minutes! 
These two tests indicate that snowbrush seeds may be more resistant to 
boiling water than deerbrush seeds. Additional tests of resistance to boil- 
ing water were made. Results are presented in figure 6. 

It is amazing that ceanothus seeds can stand such prolonged periods of 
boiling. The seed coats presumably exclude water from the seed proper; 
the embryo and endosperm are in effect subjected to dry heat for the 
period of the boiling. It is unknown whether death of over-boiled seeds 
is due to the effects of dry heat on embryo or endosperm or to the final 
penetration of boiling water or steam through the seed coats. Effects of 
dry heat on seeds from which coats have been removed have not been 
determined. 

SEED LONGEVITY 


In an ecological sense many ceanothus species are pioneer plants and 
therefore might be suspected of having durable, long-lived seeds. Seeds 
of some species are known to be generally distributed in the duff and soil 
of Sierra Nevada forests (Quick, 1956). Actual germination tests of old 
ceanothus seeds would be of some ecologic interest. Table 2 presents a 
few records of longevity for seeds of known age. 

Many factors may condition results of germination tests on old seeds, 
and high levels of consistency between species and collections, ages and 
individual tests are not necessarily expected. Additional tests will be re- 
quired to define maximum seed life under the pertinent conditions of seed 
collection, handling and storage. The reported data, however, confirm 
the fact that seeds of many ceanothus species are long-lived. 


Berkeley, California 
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NOTES AND NEWS 


Tue DIscoveRY OF THE LICHEN PARMELIOPSIS PLACORODIA IN WESTERN NortH 
America.—The foliose lichen Parmeliopsis placorodia (Ach.) Ny]. is a locally common 
epiphyte of pine in the eastern United States. Six years ago I presented a map of 
its distribution from a study of materials from many herbaria. The species was 


'| found in twelve states from Maine to North Carolina and northwestward to Michi- 
_ gan and Wisconsin (Culberson, Revue Bryol. Lichénol. 24:334-337. 1955). Many 
_ new localities in the eastern states have since been found, most of them by Dr. Mason 


E. Hale. These new localities, including those in West Virginia and Kentucky (speci- 
mens at US) where the species had not before been recorded, fall within the pre- 
viously delimited range. 

In a current study of some Parmelia specimens from various herbaria, I found 
a misidentified specimen of Parmeliopsis placorodia from Arizona. It was collected 
in 1946 by Dr. R. A. Darrow, but it was not determined by him. Dr. Hale then sent 
me a 1957 collection from Arizona by Dr. W.A. Weber and Dr. S. Shushan. In the 
spring of 1959, in correspondence about these western specimens, Dr. Weber wrote 
that he and Dr. Shushan had just found the species in Colorado and sent a sample; 
later his student, Mr. R. A. Anderson, also sent me material from South Dakota. The 
known western localities for P. placorodia are then: 

Arizona. Santa Cruz County: Santa Rita Mountains, 8,600 feet elevation, Darrow 
4351 (Darrow Herbarium, College Station, Texas; WIS). Cochise County: Chiri- 
cahua) Mountains west of Portal, 8,500-10,000 feet elevation, Weber & Shushan 
$8980 (US). Cotorapo. Boulder County: Boulder Canyon, north slope, 8,000 feet 
elevation, Weber & Shushan $17,954 (COLO). SoutH Daxota. Lawrence County: 


| Black Hills, vicinity of Roubaix Lake, 5,450 feet elevation, Anderson $20,941 


(DUKE). Pennington County: Black Hills, Rockerville Camp Ground, 4,000 feet 
elevation, Anderson $20,893 (DUKE). 

The habit of the western specimens, all with apothecia, is identical to that of 
specimens from the eastern states. The western specimens also contain the depside 
thamnolic acid identified in microchemical analysis by the presence of typical crystals 
of the aniline condensation product. 

In the five new localities, the species was collected on the bark of Pinus pon- 
derosa Laws. sensu lat. (including var. avizonica). All known epiphytic specimens 
from the eastern United States are likewise from pines, but the species also occurs 
on old fence rails in some places in New England. In the East, Parmeliopsis placorodia 
habitually grows with Cetraria fendleri (Nyl.) Tuck., another North American lichen 
of ecologic amplitude very similar to that of Parmeliopsis placorodia. Cetraria fend- 


_ levi, however, has been known for some seventy years from pine and “dead wood” in 
| New Mexico and Colorado. Although in the eastern states C. fendleri may be some- 


what more broadly distributed than Parmeliopsis placorodia, the high ecologic simi- 
larity and doubtless the similar distributional history of the two species seem to be 
borne out by the western finds reported here. W1rL1AM L. CuLsBerson, Department 
of Botany, Duke University, Durham, North Carolina. 


OBSERVATIONS ON ARCEUTHOBIUM VAGINATUM IN Mexico—The dwarfmistletoe 


| Arceuthobium vaginatum (Willd.) Presl is a common parasite of pines in Guatemala, 


Mexico, and the southwestern and central Rocky Mountain areas of the United 
States. The taxonomic status of the parasite, particularly in the southern parts of its 
range, is unsettled. Gill (Conn. Acad. Arts & Sci. Trans. 32:111-245. 1935) desig- 
nated a northern form on Pinus ponderosa var. scopulorum Engelm. as Arceuthobium 
vaginatum forma cryptopodum (Engelm.) Gill. Gill did not subdivide A. vaginatwm 
as it occurs in Mexico, but listed it on Abies religiosa Schl. and Cham., Pinus leiophylla 


| Schl. and Cham., and P. hartwegii Lindl. Sosa (Bol. Dept. Forest. y Caza y Pesca 


{Mexico] 4:123-156. 1939) recorded this parasite on Pinus montezumae Lamb. as 


did Kuijt (Bot. Rev. 21:569-626. 1955) for P. tenuifolia Benth. Gill (loc. cit.) also 
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noted the predominantly Mexican form of A. vaginatum on Pinus engelmannii Carr., 
P. leiophylla var. chihuahuana (Engelm.) Shaw, and P. ponderosa var. arizonica 
(Engelm.) Shaw in southern Arizona and southern New Mexico. To this list of hosts 
may be added P. pseudostrobus Lindl., which was parasitized by A. vaginatum 
(Hawksworth 51; March 10, 1956) in Atzimba National Park between Zitacuaro 
and Morelia in the State of Michoacan, Mexico. This parasite probably occurs on 
other Mexican pines as there are several reports of it in the literature that do not 
classify the host species of Pinus. 

Arceuthobium vaginatum is common on Pinus montezumae (Hawksworth 49; 
March 10, 1956) along Highway 15 between Toluca and Zitacuaro in the State of 
Mexico. No infection was seen on P. leiophylla in the stands examined, although this 
tree was closely intermixed with infected P. montezumae. Pinus leiophylla is attacked 
by A. vaginatum elsewhere in Mexico so this suggests the possibility of rather specific © 
host preferences among races of this parasite, as was reported by Gill (loc. cit.) for 
A. campylopodum in Western North America. 

In central Mexico Arceuthobium vaginatum is a robust plant with shoots fre- 
quently more than thirty centimeters high. In Arizona and New Mexico, shoots of 
A. vaginaum {. cryptopodum rarely exceed twenty certimeters in length. An addi- 
tional differences is that witches’ brooms caused by the dwarfmistletoe are not nearly 
as conspicuous in Mexican pines as in Pinus ponderosa var. scopulorum in the south- 
western United States. 

The biology and taxonomy of the dwarfmistletoes of Mexican conifers are poorly 
known and present a challenging opportunity for critical study —FRANK G. HAwKs- 
worTH, Rocky Mountain Forest and Range Experiment Station, U.S. Forest Service, 
Fort Collins, Colorado. 


ADDITIONS TO THE AQUATIC FLORA OF ARIZONA.—The aquatic flowering plants 
of Arizona have not been adequately studied, consequently it is not surprising to find 
species previously unreported for the state in such habitats. The following three new 
records were obtained during the summer of 1958 while the junior author assisted 
with collecting for the herbarium of the Museum ef Northern Arizona (MNA) ; the 
fourth was sent by the collector to the University of Arizona for identification. 

ELATINE CALIFORNICA Gray (Hevly s.n., 17 August 1958, MNA) and Limosella 
aquatica Sesse & Mocino (Hevly s.n., 17 August 1958, ARIZ, MNA) occur in White 
Horse Lake south of Williams, Coconino County, altitude 6500 feet. This lake was 
created by the relatively recent damming of a tributary to Sycamore Creek; it is sug- 
gested that migratory birds making use of this new environmental area may have 
introduced these species. 

POTAMOGETON RICHARDSONII (Benn.) Rydb. was collected at Wheatfields Lake, 
Apache County, on the Arizona-New Mexico boundary (Hevly, Haskell and Deaver 
s.n., 23 July 1958, ARIZ, MNA). The introduction of this species might also be at- 
tributed to migratory birds. 

TyPHA ANGUSTIFOLIA L. was collected south of Yuma in the marshes along the 
Colorado River, Yuma County (D. Tuttle s.n., 14 September 1959, ARIZ). Both 
T. latifolia L. and T. domingensis Pers. also occur in the Arizona flora—Cuartes T. 
Mason, Jr. and Rrcwarp H. Hevry, University of Arizona, Tucson, Arizona. 
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